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COMPOUNDS INHIBITING THEIFi 

FOR TREATING OSTEOARTHRITIS 



m^cW^O 0 8 DEC 2005 



Field of the iavention 

The present inYention relates to the treatment or prevention of osteoarthritis. 
Background to the InVentioii 

Osteoarthritis is thb conunonest form of arthritis and is detectable radiologicaUy in 80% 
of iadividuals over the age of 55 in Westescn popidations. SymptoniMic osteparflrritis of 
the knee, that is paia with radiographic abnormalities, is present in about 6% of 
individuals over the age of 30 in both the USA and the UK. In the US A approximately 
21 million people have physician diagnosed osteoarthritis, most of whojn 
pain and disability. Indeed, in some 12% of all subjects, with limitation of actiYi;^, the 
cause is osteoartbritis, and it accounts for more dependency in waUdng and stair climbing 
than any other disease. The estimated annual cost of osteoarthritis in the USA is $15.5 
billion in 1994 doUais, which approaches 1% of the GNP, with more than 50% of the 
costs due to work loss. The problem is inevitably becoming more severe with an ageing 
population and the clear age related incidence of osteoarfhritis (1). 

The pathology of osteoarthritis comprises loss of articular cartilage and complex 
processes of repair with fibrocartilage and reactive bone formation, leading to disruption 
of normal joint and peri-articular architecture. This is associated wiHi pain, synovial 
eJffiisions and loss of function. 

Traditional treatments are: weight loss, exercise and psychosocial support; . simple 
analgesics; non-steroidal anti-inflammatory drugs; intra-articular corticosteroids; 
hyaluronic acid; joint lavage; physical aids and appliances. However these conservative 
approaches are inadequate in a significant proportion of patients for whom surgery then 
becomes appropriate, including synovectomy, repair of mejodscal tears, reahgnment 
osteotomy, and eventually total joint replacement. Only the latter is a cure for 
osteoarfhritis, and obviously it is only applicable to some joints and some individuals. 
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Other, experimental and less well validated therapeirtic approaches include admiBistration 
of glucosamine and chrondroitin sulphate, ostensibly to promote survival or even rq)air 
of damaged cartilage, and tetracycline/ interlenkin-1 antagonists and inhibitors of 
collagenase and other matrix proteinases. 

• • • 

There is fhiis clearly an enormous need for new tnedications that can modify progression 
of osteoarthritis, and, important alleviate ife distressing and incapacitating symptoms 
of pkiin, joint deformity and effusions, limitation of activity and disability: 

• • • r • • 

. Serum amyloid P component (SAP) is a member of the conserved and evolutionarily . 
■^ti^iiftnt pp^trf* Tfin fflirnly (2) of plasma protems, the Qther rnember of which is C-reactive 
proteih (CKP) the classical acute phase prot^ (3). Homologous proteins;, that share the 
same 3B fold' (4,5), oHgouieric assembly and capacity for calcium-dependent hgand 
binding, are pf bsent in all vertebrates (6) and. even in the horseshoe crab, Limtdus 
polyphemus (7), that is sqparated in evolution from primates by about 600 miUiori years. 
No deficiency or pioteth polymorphism of SAP have been described yet in humans, and 
its carbohydrate component is the most invariant of any known glycoprotein (8). This is 
all coinpeliing evidence that SAP has beneficial fimctions that contribute to survival. 

However, SAP derives its name from the feet that it is universally present in the 
pathological tissue deposits of amyloid in the disease state of amyloidosis (9). The bulk 
of these dq>osits consists of amyloid fibrils composed of autologous protein misfolded 
and aggregated with a pathognomonic cross-P fold (10), togedier with tightly bound 
glycosaminoglycans of hq)aran sulphate and dermatan sulphate types (11). SAP 
undergoes specific calcium-dqpendent binding to these fibrils, both in vitro (12) and 
in vivo (13,14), and this property has been exploited to develop radiolabelled SAP as a 
highly specific, sensitive and quantitative in vivo scintigraphic tracer for diagnosis and 
monitoring of the deposits in systemic and local extra-cerebial amyloidosis (15). 

One of the forms of local extra-cerebral amyloidosis that is of the greatest clinical 
importance is dialysis associated amyloidosis, a very serious, painfiil and crippling 
coniplication of long term dialysis for end stage renal failure. This type of amyloid is 
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largely confined to joints and peri-artictdar structures, producing nerve compression, and 
'bone cysts leading to disruptian of joints and pathological fractures. Dialysis 
amyloidosis has been studied extensiYely using radiolabelled SAP, showing that uptake 
in add around joints is specific for histologically proven amyloid deposits in these 
locations (16,17): 

Diugs which are bound by SAP haye been developed for the purpose of treating 
amylQidos^^ including Alzheimer's disease. WO95/05394 describes therapeutic and 
diagnostic agents for amyloidosis which conqirise molecules that iiOnbit the binding of 
SAP' to amyloid fibrils. EP-A'0915088 describes D-prolines and derivatives thereof for 
lise in the treatment or prevention of central and systemic amyloidosis including 
i^Tztleinigr^s diisease, and maturity onset diabetes mellitus, WO03/013508 describes 
then^eutic agents for depletion of unwanted protein populations from plasnia in which 
bifunctidnai agents form a con5>lex with a plurality of proteins to deplete them from the 
plasma of a subject It is disclosed that R-l-[6-R-2-carboxy-pyirolidin-l-yl]--6-oxo- 
hexanoyl]pyrrohdine-2-carboxylic acid specifically targets SAP in viyo to cause 
aggregation of native pentameric SAP molecules into decameric SAP-drug complexes 
that are then swiftly cleared by the liver. 

Summary of the Invention 

The present invention relates to the ixse of an agent for the production of a medicament 
for treatment or prevention of osteoarthritis in. a subject The agent is capable of 
inhibiting SAP ligand binding activity or capable of depleting SAP from the plasma of 
the subject. 

It has sucprisiugly been found that the use of such agents to treat patients with 
osteoarthritis has a dramatic effect in relieving symptoms of the disease in patients. 

ICL a first aspect, the agent is capable of inhibiting SAP ligand blading activity. Agents 
capable of inhibiting SAP ligand binding activity ruclude those which are capable of 
being bound by a ligand biading site present on SAP and those which may be bonnd • 
elsewhere and yet block or inhibit SAP ligand binding activity. Accordingly, inhibition 
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of SAP ligadd binding activity may arise by direct inhibition or by allosteric inhibition. 
The ioliibitiori may be conrpetitive or non-competitive aad may be reversible oi 
irreversible. 

A general method for selecting ad agmt capable of inhibiting SAP ligand binding activity 
for use in the treatment or prevention of osrtebarfhiitis comprises contacting serum, 
amyloid P component (SAP) with a target ligaad thereof imder conditions to pennit SAP 
ligaid bindingij m the presence of a test componnd; testing for SAP ligand biniiing; and 
selectiiig the test coinpound as an SAP inhibitor if the test compound inhibits binding of 
SAP to the target ligand. 

* « 

-The present iaveation further provides a process for the production of an anti- 
osteoarthritis agent, wjhich process comprises (i) identifying aa SAP inliibitor by selecting 
the compound according to the above method; and (ii) producing an anti-osteoarfhritis 
agent by providing the SAP inhibitor or a phannacentically-acceptable derivatiye thereof. 

The present invention is therefore concenied in one embodiment with a method for 

selecting an SAP inhibitor which includes testing for SAP ligaad bindiiig ia the pres^ce 

of a test compoimd. Any test compound which inhibits binding of SAP to the hgand may 

be selected as an inhibitor. For example, the test compound may be selected in the sense 

that it is identified and can then be produced on a larger scale by chemical or biochemical 

synthesis or may be physically selected for direct formulation as an anti-osteo^rthritis 

agent. In accordance with the process for production of the agent, the test compoxmd 

• — •* 

may be formulated for pharmaceutical use or may be derivatised or chemically modified 
to produce a phannaceutically-acceptable derivative thereof. Such derivatisation may 
simply be required to incorporate new functional groups or alter existing functional 
groups to make the agent easier to formulate, for example by altering the solubility of the 
compound. Derivatisation of this nature may be used to decrease the toxicity of the 
compound, to alter the stability of the compound or even to modify the pharmacological 
activity thereof. Any such derivatised or modified compound may need to be retested 
according to the method of the present invention.. 
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'isx the stq> of contacting SAP. with the.ligand, the conditions must be sufBcient to;pennit 
. SAP ligarid binding in -the abseaice of the t«rt compoiind this way, where. SAP. lig^oid . 
binding does not occur in the presence of . the test compound, ox occurs to a smaller extent 
thad expected, this effect can be attributed to the test conrpound It should be.noted.here 
that inhibition of binding should be broadly construed and is not limited to any particular 
mechanisni; any reduction of the extent of binding constitutes inhibition of. binding 
according to the presCTit iriventioii. Inhibition of binding is generally measured with 
reference to a Control value (maximum. binding in absence of test compound) and it is 
prefeired that the IC50 be low iniCTomolar or less, more preferably nanomolar or less. 
Contacting takes place under conditions which include sufficient j&ee calcium ions to 
peinnt the specific calcium dependent biading of SAP, In addition, it is necessary to 
ensure - a; sufficient amount of serum albumin to prevent the calcium^depesndent 
autoaggregatibn that is characteristic of isolated SAP (18,19). A preferred buffer for the 
contacting isvphysiological buffered saline. SAP may be provided in isolated pure form 
or incorporated in whole scrum. 

Suitable ligands to which SAP binds include materials of human or other mammalian 
origin, mab^als originating jfrom lower animals or of microbial origm, and synthetic 
materials* Macrdmolecular ligands iuclude DNA, chromatin, amyloid -fibrils, 
glycosaminoglycans (specifically heparin, heparan and deimatan sulphates) and agarose 
and other carbohydrates bearing the carboxyethyiidene ring that is specifically recognised 
by SAP. Synthetic ligands include phosphoethanolamine groups immobilised by 
covalent carbodiimide coupling to carboxyl groups attached to a sohd phase. With 
appropriate solid materials that bear ligands, such as some micro-organisms, whole 
organisms such as bacteria can be used, thereby conveniently avoiding the need for 
purification, of the actual hgand molecule(s). Suitable bacteria to which SAP avidly binds 
include Streptococcus pyogenes (20) and Neisseria meningitidis (21). The most suitable 
vinxs bearing ligands for SAP is the human influenza virus (22). 

The order in which the SAP, target ligand and test compound are contacted tpgether is 
not critical. All three components can be mixed at essentially the same time , or two of the . 
three components can be mixed and perhaps pre-incubated before addition of the tbird 
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component Cbntacting generally takes place tinder- conditions in which at least one of. 
the componente is in the liquid pitase. It is convemmt, however, for either the SAP or the 
ligand to fonn part of a soHd phase so tiat, in the testing procednre, phase separation can 
be nsed as a teehoique to separate bbimd species from nnboimd species to facilitate . 
testing for the extesnt of SAP ligand binding. 

» . . . ' ■ . • , • . • ■ ... • . ' 

• • • • ' 

Accordingly, ft is prefra^ that a first coinpbiiait coiiq>iisiag one of SAP or. the ligand is 
present as part of a solid phase, widch is contactisd with a second component comprising 
the other as part of a Hquid phase. The step of testing for SAP ligand biading may then 
comprise detecting binding of the second conq>Qnent to the solid phase. , Detecting, 
binding of the second component to the solid phase may be effected either by detectiiig 
the presence of the second component on the solid phase or by det erminin g the amount of 
second component imbbiind to the solid phase and deducing from the amoimt of second 
componeat ori^ally applied to the solid phase the amonnt actually binding to the sohd 
phase. 

According to this embodiment, the solid phase preferably comprises the JBrst component 
attached to a solid sirpport, whidi solid support may comprise a particulate support or a 
solid surface, hi a convenient embodiment, the solid surface comprises an interior 
surface of the contaiaer such as a microtitre plate well. 

Conveniently, the step of testing for SAP ligand binding further comprises washing the 
solid phase to remove unbound material. 

The second component may be labelled with a detectable label such as a radiolabel, a 
fluorbciEroine or an enzyme, as discussed herein. Alternatively, the binding of the second 
component to the sohd phase may be detected hnmunologically either by antibody 
binding to the second component as boimd to the sohd phase or by quantitative 

inmnunological determination of the amount of second component not bound to the solid 

. - . ■ . . . , . « ..' * 

phase. 
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Tte present inyention provides in vitro spot tests, . low throughput, and tiigh throughput 
screening: procedures for -detectm with tiie capacity to inhibit binding of 

SAP, froiii ma3Ci or oftier animals, to target ligands. These methods are suitable for. . 
soreepiag- test compound Kbraries of natural compounds of organic, inorganic and 
biological origin, as well as chemical libraries created . by eonveational synthesis or any 
foim of combioatorial chemistry. They are also suitable for analysis of the mechanism of 
' inhibition of SAP binding, and for evaluation of potency of inhibition during chemical . 
and medial chemistry development of potential or actual pharmaceutical products 
from lead compounds identified by screening or spot testing. The present invention also 
provides in vivo metliods for testing effects and potency of SAPr-inhibitory compounds on 
SAP biiiding, plasrha turnover and catabolisni in man and experimental animals. 

In a further CTQbodimen^^^ present invention provides a method for selecting an anti- 
osteoarfhritis compound from apluriality of test compounds, which comprises providing 
an array of ireaction zones and a plurality of test compounds, contacting in each reaction 
zbixe SAP witih a hgaad thereof under conditions to permit SAP ligand binding, in the 
]presence of one of the test compounds; testing for SAP ligand binding in each reaction 
zone; and stelfecting as an anti-osteoarthritis compound any test compouiid which inhibits 
binding of SAP to the ligand. 

This method is suitable for a high througjDput screening procedure in which the plurality 
of test compounds comprises a Ubrary of test compounds for screening. By providing an 
array of reaction zones and a plurality of test compounds, the anti-osteoarthritis 
ooinpoimd may be selected by performing the method of the present invention in each 
reaction zone.^ This enables the method of the present invention to be scaled up for high 
thrpughput and can be performed by automated or semi-automated apparatus such as that 
based on an array of containers such as a microtitre plate well array. 

■ . * * 

Suitable compounds may be bound by SAP and thereby block the site of interaction 
between SAP and the Kgand, or they may bind to SAP to alter its structure thereby to 
inhibit or prevent binding to the ligand- It is inown that the SAP molecule has a specific 
calaLum-depehdent ligand binding site through which it binds to ligand. A major class of 
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compoimds that can be identified vssns the present invention comprises substances that 
are botind by the calcima-depeadeait ligaod binding site of SAP so. as to interfere with 
binding of SAP to the ligand. However the present invention also provides for detection 
and sttidy of compounds that inhibit SAP binding by the other mechanisms listed above. 

Test compoimds useful accox:diag to the present invention includLe those candidate 
compounds described in W095/Q5394. This PCT application describes the complete 
• resolution of the three-dimensional structure of SAP by X-ray crystajlography. The 
binding of SAP in vitro to amyloid fibrils is also demonstrated, whereby proteolytic 
degradation of those fibrils in the.presence of proteinases is prevented. This protection 
by SAP may be abrogated by compotinds C£?)S^^ of. inhibiting SAP figand bindm 

* 

activity. Such conipounds may therefore be det^ted by an assay as described in 
.W095/Q5394. Candidate test compounds for that assay or for the .screening methods 
described herein may be provided by knowledge of liie structure of the ligand binding site 
identified in WO95/05394. The PCT apphcation alsp provides a method for the 
production of a molecule that inhibits the binding of SAP to amyloid fibrils. The method 
comprises cairyiag out computer-aided molecular desigu using the three-dimensional 
structure of SAP, synthesising the molecules thus designed and testing the molecules for 
the ability to inhibit binding of SAP to amyloid fibrils and/or the abihty to bind to 
amyloid fibrils. Molecules according to WO95/05394 may therefore be molecules which 
interact with SAP at and/or around the calcium binding site illustrated thereiiL Such a 
molecule may, for example, interact with one or more of the residues A^ 5 8, Asii59, 
Glul36 Aspl38 and Gln37 of human SAP or wilh the equivalent residues in SAP from 
another species and/or with one or more basic residues in the region of ^ose residues. 
. Molecules of WO95/05394 may form hydrogen bonds to the hydroxyl groups of Tyr64 
and Tyr75 of human SAP or the equivalent residues in SAP of another species. * 

In a preferred aspect, the agent comprises a substituted or unsubstituted D-proline or 
stereoanalogue thereof. Such agents may or may not be enable of inhibiting SAP ligand 
binding activity or depleting SAP firom the plasma of a subject provided that they are 
effective for treatment or prevention of osteoarthritis in a subject. It is preferred, 
however, that such agents are capable of inhibiting SAP ligand binding activity or 



4t| 



WO 2004/108131 



PCT/GB2004/002445 



depleting S.AP firoin fhe plasma of a srubject Such ageats may fhierefore be. obtaiaable by 
any one of the scxreening methods descaibedhe^^ • 



A preferred group of D-proline compoimds according to the mvention hias previously 
been described in EP-A-0915088. This European patent application describes a class of 
D-prohnes which have the iformula 



HO^O 



OH 




or 




I-A 



wherein 
R is 



O- OH 

•6 



the group 



X 



I-B 



is hydrpgeai or h^ogeo; 

is- (CHzV; -CHCR^XCHzV; -CHaOCCHzVi -CH2NH-; 
beozyl, -C(R^)=CH-; -CHzCHCOU)-; or thia2ol-2,5-diyl; 
is -S-S-; -(CEL2X-; -0-; -NH-; -N(R.^)s -CH^CH-; - 
NHCCONH-;- 

N(R')C(0)N(R2)-; _n[CH2C6H3(OCH3)2]s -NCCHaCgHs)-; 
-N(CH2CfrH5)C(0)N(CH2C6H5)s -N(alkoxyalkyl)-; 

N(cycloalkyl-inethyl)s.,2,6-pyridyl; 2,5-fiiranyl; 2,5-thieiiyl; 1 ,2-cycloJi€3:yl; 1,3- 
cyclohexyl; 1,4- 

cycloiiexyl; 1,2-naphtiayl; 1,4-iiaph.thyl; 1,5-ii^hthyl; 1,6-naphthyl; 

bipitenylai; or l,2-pheiiylen,l,3-plieaylen and 1,4-plienylen, whorein tihe 

phenylen groups , are optionally substituted by 1 — 4 substitueuts, selected ^rom 
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halogen, lower aJiyl, lower aBcoxy, hydroxy, cafboxy, -COO-lower aDcyl nitrilo, 
5--tetrazol, (2-carboxyKc acid pyrolito^ 
hydroxycarbaiiiiDDddoyI, 5-oxo[l,2,4]oxadia2olyl, 2-oxo- 

[l,2,3,5]oxathiadiazolyl, 5-thioxo[l A4]oxadiazolyl . and S-tert-biitylsulfenyl- 
. [l^,4]pxadiazolyl; 
X is -(CH2)nS -(CH2)nCH(R^)S 

benzyl, -CH=C(R^)s -CH(OH)CH2; or fhiazol-2,5-diyl; 
is lower alkyl, lower alkoxy or beii2yl and 
n is 0-3, 

ox a pbEomaceiitically acceptable salt or mono- or diester thereof 

Stereoaoalogues of the D-prolines of this class are also included in the present invention. 

According to the above formula, the term "lower alkyl" denotes straight-chain or 
branched-chain saturated hydrocarbon residues, preferably with 1 to 4 carbon atoms, such 
as methyl, ethyl, propyl, isopropyl, n-butyl, 2-butyl, isobutyl and t-butyL - Halogen 
denote chlorine, iodine, fluorine and bromine. Compounds of formula 1-A and 1-B can 
form salts with metals, for example alkali metal salts such as sodium or potassium salts, 
or fliVgiliTift earth metal salts such as calcium or magnesium salts, with organic bases, for 
example salts with amines, such as n-ethylpiperidine, procaine or dibenzylamine, or salts 
with basic amine acids such as salts with argmine or lysine. The compounds can also be 
used in an ester form, siich esters being aliphatic or aromatic. These esters include, for 
example, alkyl and phenolic esters. The most preferred esters are alkyl esters derived 
from Ci-4 alkanols, especially methyl and ethyl esters. 

These conq>ouuds can also be used in the form of their prodrugs at either one or both 
carbonyl functions. * 

Details of examples of these compounds and their syntheses are described in EP-A- 
0915088. 
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Particnlarly preferred agents according to the present mvesntion include those which 
poiB5)iise a plurality of ligands covaleritly co-linked so as to form a complex with SAP 
and a second protein, preferably SAP. At least two of the ligands are the same or 
dififerenf and one of which is enable of being bound by a ligand binding site present on 
SAP and another is capable of being boimd by a Ugand bmding site present cm the second 
proteiiiu . Agents of this type, may be capdjle of inhibiting SAP ligand binding activity 
ahd/6r ihay -be enable of depleting SAP &om the plasma in a subject As described in 
WOQ3/013508 and by Pepys et dl <23),:such ^ents wer? found to be dramatically potent 
in vivd at depleting the . target protein from the circiilation by cauisiag it to be i^idly 
ol^ed. It thought that where at least .one of the ligaads is enable of beiog boxind by a 
: ligand site present on SAP and the oth^ capable of being bound by a ligand ate present 
on SAP or a second different protein, a. con^lex is foimed which is identified by.tiie 
body's own physiolo^cal mechanisms as requiring prompt clearance and d^stniction. 
Accordingly, SAP is removed from the subject so as to effect treatment or prevention of 
osteoarthritis. In liie compound (^>l-[6-[(Il)-2-Carboxy-pyiTplidin-l-yl]-6-oxo- 
hexanoyl]pyrroUdine-2-carboxyUc acid (WO03/013508 and reference (23)), the 
carboxylate-contaioing pyrrolidine ring at each end is bound by the calcium dependent 
iigtod binding site of SAP, resulting in the face-to-fece cross-linking of pairs of SAP 
molecules, as shown by gel filtration, and by atoniic resolution X^ray crystallography of 
the complexes. This cross-linking evidentiy causes SAP to be cleared from the plasma in 
vivo and rajpidly cataboHsed, and this is the desired effect of compounds according to this 
embodiment of tiie present inv^ation. 

The affinity of each individual Ugand-protein binding site iateraction does not need to be 
particularly high provided that the ligand. is specific for each target protein. It is possible 
that a dissociation constant of up to 10 millimoiar would suffice. However, it is preferred 
that tiie dissociation constant is no more than 1 millimoiar, more preferably less than 100 
micromolar, most preferably less than 10 micromolar. The affinity is preferably about 
noicromolar or higher, Micromolar afBnity has been found to be sufficient in the case of 
SAP, although the highest possible affinity is clearly desirable. 
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In the agents of the present invention, although the ligands may be directly linked 
together by a covaleat bond, the ligands are preferably cbvaleiitly co-linked by a linker. 
This enables the ligands to be sufficiently spatially separated whereby aphirglity of target 
proteins may be bound to the agent without one protein hindering the binding of the other 
protein or proteins. The exact structure of the hnker is not critical although it is typically 
preferred not to include reactive groups. The linker may comprise a linear or branched 
hydrocairbylene widch may Kave one or more of its carbon atoms optionally substitated 
by a heteroatom. The linker may have a chain length in the range 2 to 20 atoms. Useful 
chain' length aitd cheinical composition ma:y be determined empirically depending on the 
proteins with which the agent is to be cona|)lexekL Where the agent has two ligands, the 
liiker is typicaUy linea^^ ai preferred general structure is ligand-linker^ligand. This is 
convenieiitly denoted ia "palindrome" for the purposes of the present application. 
Althbtigh other structurfes involving three, four or more ligands with an appropriate 
branched chain hnker are also contemplated where three, four or more target proteins 
could form a cOnq)lex. 

Pharmaceutical compositions may be formulated con^rising an agent according to the 
present invention optionally incorporating a phairnaceutically-acceptable excipient, 
diluent or caniesr. The pharmaceutical compositions may be in the form of a prodrug 
comprising the agent or a derivative thaneof which becomes active only when 
metabolised by the recipient. The exact nature and quantities of the components of such 
pharmaceutical compositions may be determined empirically and will depend in part 
upon the route of administration of the composition. Routes of administration to 
recipients include oral, buccal, sublingual, by inhalation, topical (including ophtha lm ic), 
rectal, vaginal, nasal and parenteral (including intravenous, ifitra-arterial, intra-muscular, 
subcutaneous and intra-articular) For convenience of use, dosages according to the 
present invention are preferably administered orally but this will depend on the actual 
drag and its bioavailabihty. 

According to this aspect of the invention it is preferred that the ligand capable of being 
bound by the ligand binding sites on SAP comprises a substituted or unsubstituted 
proline or stereoanalogue thereof. A particularly preferred D-prdline is (R)-l-[6-(R)-2- 
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Caitoxy-pym)lidin-l-yli-6roxo-hexanoyl] pyir9lidjne-2-carboxylic acid or a 
phamaceuticaUy. acceptable sdt or mono- of dies^ 

Anothea: broach to the iuhibitibn of SAP bijidiag, and depletion of SAP that are- 
desirable according to the present invetdiaa is. tibie use of macaromolecules tiiat either are 
boiind by; or biad to,- SAP. la the first category are peptides of Varioiis sizes contaming 
one, or preferably more that one, cacboxy terminal D-proliae residue aad preferably 
composed of D-amino adds in order to resist proteolytic degradation in vivo. The hgands 

T^for SAP function in fbe same way as the low molecular weight compounds containing D- 
proline described here, in being botmd by SAP, inhibiting the binding of SAPJo other 

. ligands in vivo, and promoting the accelerated clearance of SAP from the drcxdation with 
beneficial effects on osteoarthritis. SAP also recognises and bmds ofhex peptide motifs, 
inclliduig p-bends with aspartic acid and other residues in the apical position, and these 
types of peptide sequences are also therefore desirable. In the second category, 
fdacromolecules that bind to SAP and deplete it may comprise antibodies specific for 
human SAP, and for the presently desired therapeutic, purpose these preferably are 
monoclonal antibodies that are preferably either humanised or are entirely human,, or are 
Ibwfer molecular weight fragments of antibody molecules, such as Fv fragments, that 
retain their specific binding capacity for SAP. These moieties recognise and bind to SAP 
in vivo 3&ex administration by parenteral injection, and promote the accelerated clearance 
and depletion of SAP from the circulation. Generally, antibodies to SAP useful 
according to the present invention should not activate complement, in order to avoid 
potentially harmful pro-inflammatory effects When they bind to SAP in vivo. They also 
should preferably not recognise, bind to and damage the normal tissue structures in the 
body that bear SAP molecule^. 

Brief Description of the Drawings 

The present invention wiU now be described in further detail by way of example only, 
with reference to the following Examples and to the accompanying drawings, in which: . 
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Figures 1 to 3 show, traces firom surface plasmon resonance experiments assessing the 
effect of l-[(S>3rMercapto-2-n3:efhylpropionyl]-DTprolm^ (desigQated Ro-^3479 on these 
figures) on binding of SAP to amyloid fibrils in the presence and absence of calcium; 
Figure 4 shows a scintigraphic image of the hands^ of a patient with osteparthritis 24 
hours after intravenons injection of ^^I-labelled SAP; and 

Figure 5 shows tiie ratio of the concentration of fhe various proteins in the synovial fhrid 
aiid serum from patients witii varions forms of arthritis-causing efiusions. 

. . ■ • • . . . ' • . ■ 

Detailed I>escriptian of the Inventioia 

jExaiinpleis 

• ' '. ■ • ' ■ ' , . . • 

Metliods for showing 

lii order to identify compounds that inhibit ligand binding of SAP it is first neceissary to 
have methods for showing such binding. 

1] Binding of SAP to solid phase ligands. 

For the pniposes of this invention, the binding of SAP to test Hgands can be demonstrated 
directiy by allowing SAP, provided either by whole human or animai sennn, or in 
isolated purified foim, to contact the soUd phase ligand. Contact takes place in 
plysiological buffered saline containing sufficient free calcium ions (about 2 mmbl/l), 
which are essential for tigand binding by SAP. In tiie case of isolated hnman SAP, the 
buffer mtist also contain 40 g/1 of human or bovine serum albumin, in order to keep the 
SAP in solution; at lower albumin concentrations isolated human SAP rapidly 
autoaggregates, and precipitates in the presence of calcium (18,19). Suitable ligands to 
which SAP shows its typical calcium dependent binding include agarose (24), 
phosphoethanolamine (25), DNA (26), chromatin (27), and amyloid fibrils (12,28), They 
are immobilized on particles, such as agarose, aciylamide, polystyrene, latex, cellulose, 
or other beads, or on membranes, filters, or plastic or other soHd surfaces such as 

■ 

micfotitre plates or individual tubes, or may be integral components of solid particles, 
such as bacteria or agarose gel, that can be used directly, hninobilization of soluble 
ligands, or secondary immobilization of particulate ligands for purposes of convenience. 
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may be. by direct iaon-specific adherence of the. ligand, or by covaleat attachment via 
amiao, hydroxyl,; or- other chemical groups on tOae hgand molecules being coupled 
directly or via spacer, linkers to the solid phase material. After contacting the sohd or 
iomiobilisod ligands, SAP that has not bound is washed away with the same buffer in 
which, binding took place, and the presence of S AP bound to the Egands is detected and 
qutantified. Washing involves phase separation, siich as centrifugation of sohd particles, 
or iminer^siorii flow through or flow over of solid surfaces such as menibraaies, jBlters, and 
plastic surfaces. . Bound SAP may be. detected directly if the source of SAP contains SAP 
that.has been labelled with a detectable marker; Such markers include gamma-emitting 
isotopes such as or ^^^I for detection ia a gamma coimter; beta-emitting isotopes such 
as ^"^C or.^ for detection in a beta or scintillation counter; fluorochromes for detectioii in 
a fhiorimeterj flow cytometer, or fluorescence activated cell porter; enzymes such, as 
peroxidase or alkaline phbsphatase for detection by their specific cat^ytic actvity. In aU 
of these cases it is essential to denionstrate that the process of directiy labelling the SAP 
does not alter its physiological binding prop^es. This is done by comparing the binding 
of labelled and unlabelled SAP to an immobilised solid phase ligand, such as 
phosphoethanolamine attached using a carbodiimide to carboxyhexyl-Sepharose™ 
Binding of SAP can also be demonstrated directly by icnmimocheinical assay showing 
dq)letion of SAP from the offered source of SAP, and recovery of the bound SAP when, 
afi:er j5rst washing with calcium cpntainiag buffer, the ligand material is eluted with 
buffer containing EDTA to chelate calcium ions. Alternatively, bound SAP may be 
detected indirectly, using antibodies raised ia rabbits, sheep, goats, rats, mice, guinea pigs 
or oliier animals, specific for the SAP of the species being tested. For this purpose the 
antirSAP antibodies may .themselves be directiy labelled with a radioactive isotope, 
enzyme, fluorbchrome or other detectable marker, or the binding of anti-SAP antibodies 
to bound SAP rsiay be detected using a second antibody directed against the 
iimnunoglqbulin of the species of the primary anti-SAP reagent In addition to detection 
and counting in instruments appropriate for the marker ixsed, binding of SAP to 
micro-organisms or their components may be visualised directly or indirectly using light, 
fluorescence or electron microscopy. Enzyme labelled SAP or anti-SAP antibodies can 
be used for light or electron naicroscopy, fluorochrome labelled reagents for fluorescence 
microscopy, and gold (or other electron dense particle) labelling for electron microscopy. 
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2] BiBding of Kgands by iHunobfl^ 

An alternative approach to demonstration of ligand binding by SAP is to immobilize the 
SAP on a solid phase and then allow it to bind ligands that are either directly labelled or 
that can be deftected, for example xising specific antibodies directed against Ihese ligands. 
Thus isolated pnrified SAP ftom man oir othfer animals can be linmQbiHzed pn beads, 
particles, meinbriies, filters, or plastic or other sphd surfaces, by direct non-specific 
adiierehce or by covalent cbtpling, or by trapping ^vith ' specific anti-SAP antibodies 
inunobilized on the solid phase (29): Using the conditions specified m l] abovei suitable 
hgands, can then be contacted to the immobi^ allowed to be bound by it 

InMbWon of SAP binding to Ugands 

Any of the methods set out iii 1] and 2] above for showmg ligand binding by SAP can be 
used' to test the capacity of compounds to inhibit such binding. However the speed and 
6ase of use of the different techniques vary greatly, as well as thek suitability for 
different purposes. Thus for screerdng large numbers of conapounds, high throu^ut 
methods, siich as those based on mi<a:oti1re plates, are essential. A typical method of this 
type ipvolves having ligand itimiobihzed on the plates, and offering to each well an 
amount of radiolabelled SAP under conditions such that about 40% of it is bound. 
Compounds to be tested are added to the wells and preincubated in theni before addition 
of the labelled SAP, and the effect of their presence on subsequent binding of SAP is 
monitored. In anotiier configuration, the compounds to be tested are preincubated with 
the labelled SAP before the mixture is added to the plates. The reverse configuration, in 
which the SAP is immobihzed, is also informative. Here the test compounds are 
pidncubated with the immobilized SAP before the detectable hgand is added, These 
different approaches enable detection of compounds that block ligand bindiag by SAP by 
different raechanisms, and help to dLstiaguish between those that are themselves specific 
ligands for SAP, those that affect the SAP molecule in other ways, and those that interact 
with the hgand to prevent its recognition by SAP. 
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Direct detection of ligasd binding by SAP and its inhibition 

SicriBace plasmon resonance (SPR) is a low throughput but powerfully informatitve method 
to identify compounds that are bound by, or themselves bind to SAP, dfher iu a calcium 
dependent &sbion or iadependently of calcium, for the purposes of the preseut invention , 

For example, low molecular : weight coinpounds . that inhibit bhadiag of SAP to its 

. * • . ■ 

macromolecular ligands^ includiiig target Kgands relevant to the present invention, can be 
detected by their effect on the signal genemted by fluid phase SAP binding to Ugand 
iioinobilised on the solid phase (Example A). Furthermorb; when SAP itself is 
immobilised 6n the^ soKd i)hase in" an SPR instrumisnt, the interaction wifh it of test 
inblecules 'provided in the fluid phase generates a signal that can be detected and 
quantified.^ Purified SAP immobilized wilhin an SPR instrumeiit gives a quantifiable 
signal' wliefl it is exposed to ianother molecule that forms a complex with the SAP, and 
this is distinct jBrom the absence of such a signal if no complex is formed. This technique 
allows compounds to be screened for their capacity to interact with. SAP, and does not 
depend on any specific mode of interaction with SAP, in particular involving the calcium 
dependent ligand binding, site of SAP, so it detects molecules, that might not be found in 
test systems that reiqiiire calcium dependent SAP. binding. Another low throughput but 
powerful direct method is isothranal calorimetry that measures the heat of interaction in 
solution between SAP and test compounds according to the present invention. The 

■ 

biading affinity can be measured precisely as a guide to potential efficacy. Typical 
results by this method for liie dissociation constants, Kd, between SAP and various 
compoimds aire as follows: 

Compound Ka in micromoles per litre (replicate measurements) 

Phosphoefhanplamine 36, 27, 48 

Phosphocholine No binding 

N-acetyl-D-proline 16, 23, 17 

Ro-63-8695 0.0139, 0.0059, 0.0065, 0.0088 

R.O-64-2S56 0.019, 0.02 

The latter two compounds are fi-om EP-A-915088, in which Ro-63-8695 is (R)7l-'[6-[(R)- 
2-Carboxy-pyrrolidin-l -yl]-6-oxo-hexanoyl]pyrrolidine-2-carbox>'iic acid, and 



wo 2004/108131 



PCT/GB2004/002445 



18 

Ro-64-2856 is (R>l-[[4424(R)-2-Carboxy-pyaoU^^ 
. acetyl]-pyrroUdiiie72-carboxylic acid 

Slffects on SAP in vivo of compounds lliat block SAP-ligand binding id vitro. 
For the purpose of the present invention, compoimds that block bindiag of S AP to target 
ligands are tested i» vfvo in transgenic inice OTpresang hninan SAP, as described 
elsewhere (23) for their effects on plasma SAP conceaitrations and the turnover and 
catabolism of SAP. Having established by the administration of graded doses that the 
cbn^>ounds &re not intrinsically toxic, various doses are administered to the human SAP 
transgenic mice, Sertnn is taken at regular inteorvals for immunochemipal assay of SAP. 

• * ' . • 

In addition^ trace. radiolabeUed human SAP may be injected intravenously at differeot 
times in relation to the drug dosage, and both whole . body counting and blood sampling 
are peiformed to monitor the plasma half life and whole body clearance of SAP (14,30). 
In addition the tracer SAP is preincubated with different amounts of the compounds 
being tested, and then injected into mice not receiving any dra& in order to test the effect 
drug binding has on SAP clearance. According to the presrat invention, compounds that 
accelerate SAP clearance in vivo and/or lower plasma SAP concentration, thereby 
reducing in vivo availability of SAP, are likely to be of therapeutic value. 

Compounds that have undergone formal toxicity testing and found to be acceptable for 
administration in man, are evaluated for their effects on plasma SAP concentration^ half 
•life^ turnover and cataboUsm. Isolated human SAP is trace radiolabeUed with I and/or 
^^^I and injected intravenously, followed by plasma turnover studies and whole body 
scintigr^hic imaging, as described elsewhere (15,23,31). 

Example A. Use of surface plasmon resonance to detect inhibition of calcium 
dependent ligand binduig by SAP* 

Synthetic Ap-42 amyloid fibrils (28) were covalently immobilised on the reactant surface 
of the Fisons lAsys surface plasmon resonance instrument, and then exposed to isolated 
SAP (32) in solution in Tiis-buffered' physiological saline in the absence^of calcium 
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(shown 35 m/N:iii fte Figures), No binding of SAP occurred and thus no signal was . 
:ge]leratei . Introduction of calcium allowed the SAP to bind specifically to the- 
iminObilised amyloid fibrils, generating a readily detectable signal (Fig. 1). l-[(S)-3- . 
Mercapto-2-methylpropiQnyl]-D-pipline (desigaMed on .the Figures as Ro-3479) is a 
specific inidbitor of calcium depecident ligand binding by SAP. Addition, of l-'[(S)-3- . 
Merc^to-2-methylpropionyl]-p (Ro-3479) at 500 >maol/l in Tiis-bufifered 

physiological saline containing calcium (TC in the Figures), completely reversed the 
binding of SAP and the corresponding signal (Fig 1). After addition of SAP iu the 
absence of calcium, followed by Ro-3479 at 100 jmiol/l, and then allowing equilibration 
of the system, subsequent addition of calcium to enable specific calcium dependent 
Egand binding by SAP . was followed by no signal (Fig. 2), indicating that Ro-3479 not 
only dissociates SAP binding but also inhibits it The solid phase ligand was regenerated 
for farfhst caldtttn dependent Ugand bindiag, by washing it with EDTA hi Tris-buffered 
physiological saline (TE hi the Figures), and then re-exposed to SAP in TN buffer 
followed by calcimn. The typical signal reflecting ligand binding by SAP was observed 
again, and then completely reversed by addition of Ro-3479 at 50 pmol/1 (Fig 3)- 

Example B. Screening for inhibitors of binding of ^1 radiolabelled SAP to Neisseria 
mmingiUdis organisms unmobOized in microtitre plates. 

■ 

Materials and Methods 

A suspension of heat lolled Neisseria meningitUUs at 1 x 10^ organisms per ml m PBS 
was dispensed to polystyrene micrdtitre plates at 50 \xl volumes per well, and left 
overnight at 4°C. All wells were then washed three times with 200 pi Volumes of PBS 
containing 0.05% v/v Tween20, prior to equilibration for 2min with 0,01M Tris 
bufifered 0.14M NaCl/0.0Q2M CaQ^ at pH 8,0 (TC budBfear), contaicdng 4% w/v BSA and 
0.05% /v Tween 20 (TCBT buffer). The wells were then emptied before adding to each 
one the following reagents. For control uninhibited maximal bindiag: 35 ^1 TCBT 
bTifFer(coiitaiiiiBg 2.3 mM CaClz, 5.72% w/y BSA. 0.072% v/v Tween 20), 10 [jd TC and 
5 ul SAP radiolabeUed with in O.OIM Tris .bujQfered 0.14M NaCl at pH 8.0 (IN 
bujaer), to provide ftaal concentrations of BSA, 4%; Ca^* 2 mM; Tween 20, 0.05%. For 
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background, non-specific, non caicium- depesQdeni, binding in the preseace of EDTA: 5 jil ■ 
radiolabelled SAP in TN and 45}il.0.01M Tiis iiiiffered 0.14M NaCl at pH8.0 
containing il.I mM EDTA, 4.4% w/v BSA and 0.06% w/v Tweeii20 (TEBT buffer) to 
provide final concentrations of EDTA, 10 mM; BS A, 4%; Tweea 20, 0.05%. Foir testing 
of inhibitors^ 35 of TGBT (containing 2.3 mM Ca^^ 5.72% BSA and 0.072% Tween 
2b), 10 1^1 fC containing test compounds at 10 mM, 1 mlvi 100 pM, 10 pM or 1 >iM, and 
5 ul of radiolabelled SAP ia TN. All weUs were then incubated at room temperature for 
2 h before beitig washed three times with 200 pi volumes of TCBT, allowed to dry for 
1 h at room temperature, and bound radiolabelled SAP was then coimted. 

The compounds tested in the experiment shown here were a family of molecxdes 
developed as inhibitors of SAP binding to amyloid fibrils, following identification of an 
initial lead molecule dnring hi^ throughput screemng of a large compound library 
according to US Patent 6,126,918. The original hit wasl-[(S>3-Mercapto-'2- 
methylpropionyl]-D-proline, (Ro- 15-3479), and a dimer of one of its diastereoisomers, 
(jR)-l-[(S)-3-[(S>3-[(R)-2-<:arboxy-pyrroU 

methyl-propionyl]-pyrrolidiQe-2-cafboxylic acid (Ro-63-3300) was found to be much 
more potent. The other two diastereoisomers did not inhibit ligand biadiag by SAP. A 
chemistry programme then produced, (R)-l-[6--CR)-2-Carboxy-pyrroUdin-l-yl]-6-oxo- 
hexanoyl3pyrrolidine-2-carboxyhc acid (Ro-63-8695) (Example 8b of EP-A-9 15088) and 
a family of related molecules, that were tested here. Their chemical names and coded 
designations are listed below: 

Ro-64-4383: CR>l-[[2,5-Dihydroxy-4-[2-[(R)-2-carboxy-pyrroKdin-l-yl]-2-oxo-e&^^ 
phGuyl]-acetyl]-pyrroHdine-2-carboxyhc acid 

■ 

Ro''64-2856: (R)-l-[[4-[2-[(R)-2-Carboxy-pyrrohdin-l~yl]-2-oxo-ethoxy]-ph 

• * 

acetyl]-pyrrolidiae-2-carboxylic acid 

Ro-63-3300: (R)-l-^[(S)-3-[(S)-3-[(R)-2-carboxy-pyrroh 
propyldisulfanyl]-2-methyl-propionyl]-pyrioKdine--2-carboxyHc acid 
Rp-15-3.479: l-[(S)-3-Mercapto-2-methylpropionyi]-I5-proline 



I 
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Ro64-2848: .(R)-l-[[3-[2-[(R)-2-Caxboxy-pyrrolidiii-l-yl]-2-oxo-ethoxy]^^^ 
pheaoxy]-acetyl]TpyrroKdiiiB^2-caa±> 

Ro-64-2668: (R)-l-[{3-[2^I(R)-2-Caxboxy-pyiToHdiii-l-yl]-2-oxoTeth^^ 
pyir6lidin6-2-carboxylic acid . 

Ro-64-2845:. CE0-l-[[2-[2-[(R)-2-carboxy-pyiroHdm-l-yll-2-oxo-efeoxy]-3-methox^^ 
plien.oxy]-acetyl]-pynx)lidiQe-2-carboxylic acid 

Ro-64^2600: (R)-l-tcis-4-[(ig-2-Carboxy-pyrrolidiiie^l-caibonyl3^ 
cyclohexanecaxbonyl]-pyrroIidiiie-2-carboxylic acid 

Ro-64-5607: (Jl)-l-[[4-[2-[(R>2-Carboxy-pyrroUdm-l-yl]-2K)x6-ethyf]-n^h^ 
yl]-acetyl]-pyrrolidine-2-carboxylic acid 

Ro-64-5445: (R)-l-[[5-[2-[(R)-2-Carboxy-pyiroKdm-l-yl]-2-oxo-el3ioxy]-n^h^ 
yloxy]-acetyl]-pyrrolidiae-2-carboxylic acid 

Ro-63-8593: (R>l-[[2-[2-[(R>2-Carboxy-pyiToHdin-l-yl]~2-6xo-etk>xy]-phenoxyl]- 
ace1yl]-pyrrolidiixe-'2-carboxy]ic acid 

Ro-63-7777: • (R)-l-[[4-[2-[CR)-2"Carboxy-pyrroUdin-l-yl]-2-oxo-e^ 
pyrrolidiiie-2-carboxylic acid 

Results 

The capacity of tlie compounds tested to iohibit binding of SAP to meningococci is 
expressed as the percentage by which SAP binding was reduced coiopared to binding in 
the abs^ce of any inhibitor (Table 1). AH binding was inhibited by EDTA, confirming 
the specific, calcium dependoat, nature of the interaction. Phosphoethanolamine, a well 
known Hgand of SAP (25,32), produced inhibition at high concentration, but only modest 
effects when diluted. Phosphocholine, the specific hgand of Oreactive protein, the other 
hxmian plasma penteaxiu protein closely related to SAP, had virtually no effect, as 
expected since there is no other evidence that SAP recognises aad binds to 
phosphocholine under physiological conditions. The Ro-63-8695 family of molecules 
were potent inhibitors with IC50 values in the sub-micromolar range in several cases. 
These compounds are thus candidates for firrfher testing according to the present 
inventioiL 
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Table 1 

Percent inhibilioB by various compounds of binding of radiolabelled SAP 
to immohUh.&d Neisseria mehingitidis 

Compound Molarity 

2mM 200 pM 20 jjM 2 fjM 200nM 
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Example C 

Screening for inhibitors of binding of radiplabelled SAP to duromatin 
immobilized in inicrotitre plates. 

Materials and Methods 

A solution contamiTig 100 p.g/ml chicken erythrocyte native long chrainatm (27), in TBS . 
adjusted to pH9, was^ dispensed tp . imcrotitre plates ., contaming 
N-dxysuccroimide^activated si^^ at 50 fil volumes per well aad left at. room 

• ■ * . • ' ' ' • 

temperature for 1 h. All wells were "thea washed three times with 200 yl volumes of 
EBS/pH 7A ^containing 0,0^^ Tween20 (PBST) and unreacted active sites we 
bldcked by thet addition of 50 r1 of 2% W^^ PBS, pH 7.4, to each well, for 30 man 

at iociinx temperature. . Wells "virere then T?7adied three times with 200 yl volumes of PBST 
prior to eqiiilibratioii for 2 rCdn with O^OlIvl Tris buffered 0.14M NaCl/0.0b2M CaCk at 
pH 8.0 (TC ibTtffer), contaiTiing 4% w/v BSA and 6.05% vAr Tweeai20 (TCBT buffer). 
The wells were theii emptied before adding to each one the foUowhig reagents. Fot 
control uninhibited maximal binding: 35 jxl TCBT buffer(containing 2.3 mM CaClz, 
5.72% w/v BSA, 0.072% v/y Tween 20), 10 pi TC and 5 pi SAP radiolabelled with ^^I- 
in O.OIM Tris buffered 0.14M NaCl at pHS.O (TN buffer), to provide final 
couGentrations of BSA, 4%; Ca^% 2 mM; Tween 20, 0.05%. For background, non 
specific, non calcium dependent, binding in the presence of EDTA: 5 pi radiolabelled 
SAP in TN. and 45 ^1 O.OIM Tris buffered 0.14M NaCl at pH 8.0 containing 11.1 mM 
EDTA, 4.4% w/v BSA and 0.06% w/v Tween 20 (TEBT buffer) to provide final 
concentrations of EDTA, 10 mM; BSA, 4%; Tween 20, 0.05%. For testing of inhibitors: 
35 pi of TCBT (containing 2.3 mM Ca^"", 5.72% BSA and 0.072% Tween 20), 10 pi TC 
containing test compounds at 10 noM, 1 mM, 100 pM, 10 pM or 1 pM, and 5 pi of 
radiolabelled SAP in TN. All wells were then incubated at room temperature for 2 h 
before being washed three times with 200 pi volumes of TCBT, allowed to-dry for 1 h at 
room temperature, and bound radiolabelled SAP was then counted. The coinppunds 
tested in the experiment shown here were the same as those specified in Exaniple. B 
above. 
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Results 

lie capacity of the compounds tested to iiiMbit binding of SAP to chromatin is expressed^ 
as the percentage by which SAP binding was reduced compared to binding in the absence 
of any inhibitor (Table 2), All blading was inhibited by EDTA, confirming the specific, 
calcitim dependent, nature of the interaction. Bindiag to control . weUs without chromatin 
and just blocked with BSA was at the same background level as seen with complete 
inhibition by. EDTA or the specific inhibitors. Phosphoethanolamine, a well known 
ligand of SAP (25,32), produced inhibition at higb concentration, but only modest effects 
when diluted. Phosphocholine, the specific ligand of C-reactive protein, the other human 
plasma pentraxdn prptein. closely related to. SAP,,had virtually no effect, as expected since 
there is no other evidence that. SAP recognises . and binds to pbosphocholiap under 
pliysiological conditions. The Ro-63-8695 family of molecules were potent inhibitors 
with ICso values in. the micrpmolar range in several cases. These corapounds are thus 
candidates for finther testing according to the present invention, although iuterestingly 
this assay was less sensitive than that using meningococci as the immobilised ligand. 
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Table 2 

ipercent flahJbitioii by various compounds of biuding of radiolabelled SAP 

to munobilized native long chromatin 

Compound Molarity 

2mM .200 nM 20 pM 2 200 nM 
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Example D. Screening for inhibitors of binding of radiolabeDed SAP to 
influenza virus iimnobilized in mcrot^^ 

Material and Methods 

A concentrated suspension of purified influenza virus A/Shanghai/24/90 at 10 mg protein 
per ml in PBS was diluted 1:50 in PBS and thra diq)ensed to polystyrene microtitre 
plates at 50 jd volumes per well, and left overnight at 4°C. All wells were then emptied 
before blocking by addition to each well of 200 jd of 2% w/v BSA in PBS and iiicubation 
at room temperature for 1 h. All wells were then washed three times wilh 200 ^1 volumes 
of PBS containing 0.05% v/v Tween 20, prior to equilibraition for 2 min with O.OIM Tris 
buffered 0.14M NaCyO.002M CaCk at pH 8.0 (TC buffer), contaimng 4% w/y BSA and 
0.05% yN Tween 20 (TCBT bufBa). The wells were thai ©noptied before adding to each 
one the following reagente. For control tminhibited maximal binding: 35 nl TCBT buffer 
(contaimng 2.3 mM CaCl2, 5.72% w/v BSA, 0.072% v/v Tween 20), 10 jil TC and 5 pi 
SAP radiolabelled with ^"l (32) in O.OIM Tris buffered 0.14M NaQ at pH 8.0 (TN 
bxiffer), to provide final concenlrations of BSA, 4%; Ca^*, 2 mMi Tween 20, 0.05%. For 
background, non-specific, non caltanm dependent, binding in the presence of EDTA: 5 jd 
radiolabelled SAP in TN and 45 pi O.OIM Tris buffered 0.14M NaCl at pH 8.0 containing 
11. 1 mM EDTA, 4.4% w/v BSA and 0.06% w/v Tween 20 ("mBT buffer) to provide 
final concenliations of EDTA, 10 mM; BSA, 4%; Tween 20, 0.05%. For testing of 
inhibitors: 35 ]il of TCBT (containing 2.3 mM Ca^% 5.72% BSA and 0.072% Tween 20), 
10 Ml TC containing test compounds at 10 mM, 1 mM, 100 pM, 10 \iM or 1 pM, and 5 fd 
of radiolabelled SAP in TN. All wells were then incubated at room temperature for 2 h 
before being washed three times with 200 )d volumes of TCBT, allowed to dry for 1 h at 
room temperature, and bound radiolabelled SAP was then counted. The compounds 
tested in the experiment shown here were the same as those specified in Example B 
above. 



Results 

The cj^acity of the conq)ounds tested to inhibit binding of SAP to the immobilised 
influenza viras is expressed as the percentage by which SAP binding was reduced 
compared to binding in the absence of any inhibitor (Table 3). AU binding was ioMbited 



wo 2004/108131 



PCT/GB2004/002445 



27 

by EDTA, confinning the specific, caldma depeadent, nature of tlie iateraction. Bindmg 
to control weBs without virus and. just blocked with BSA was at the same.backgro-und 
level as seen with complete inhibition by EDTA or the specific inhibitors. 
Phosphoethanolamine, a well known ligapid of SAP (25,32), produced inhibition at high 
concentration, but only modest effects when diluted. Pbosphoch-oline, the specific ligand 
of C-reactive protein, tiie other human plasma, pentraxin protein closely related to SAP, 
had virtually no effect, as expected, since therp is no other evidence that SAP recognises 
and binds to phosphocholine under physiological conditions. The Ro-63-$695 family of 
molecules were potent inhibitors with IC50 values in the sub-micromolar, high 
nanomolar, range in several cases. These compounds are thus candidates for furftier 
testing according to the present iuveiation, and interestingly this assay was more sensitive 
than those usiug eith^ whole meningococci or native long chromatin as the inunobilised 
ligand. 
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Table.3 • 

Percent inhibition by various conoiponnds of binding of radiolabeUed SAP 
to imniobilized inflnenza virus 



Compoimd 



None 

Phosplioellimolaiiim 

Phosphpcholine 

Ilo-63-8695 



2mM 
0 
69 
3 

98 



Molarity 
200 hM 20 hM 



0 
51 
5 

96 



0 
42 
5 

90 



2|iM 
G 
8 
2 
81 



200 hM 

0 
1 
0 
36 



Ro-64-4383 



89 



89 



80 



57 



24 



Rjo-64-2856 



87 



84 



82 



77 



Ro-63-3300 



91 



91 



90 



78 



47 



Ro-15-3479 



68 



51 



40 



30 



12 



Ro-64-2848 



85 



81 



81 



65 



24 



Ro-64-2668 



82 



77 



73 



68 



25 



Ro-64-2845 



89 



77 



62 



52 



16 



Ro-64-2600 



92 



89 



83 



76 



0 



Ro-64-5607 



98 



94 



95 



64 



Ro-64-5445 



80 



76 



64 



51 



23 



Ro-63-8593 



94 



93 



88 



68 



44 



Ro-63-7777 



89 



89 



85 



65 



37 
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Example £ 

Accumulation of LabeUed. SiyP in Joints of Patients Sxifferin 

• m 

Accimiulatian of labelled SAP was foimd in joints of patients without dialysis 
amyloidosis who were suffering from oHier foims of arttaitis: 5 individuals, with 
osteoarthritis (Fig. 4), 12 with dieuniatoid arthritis, and one subject with a traumatic 
effusion. In each of these patients, labelled SAP was detected in all joint5..with a 
significant effiasion, regardless of aetiology. This in itself is not surprising since it is 
known that plasma proteins enter jpipt effosions. However, in 20 out of 30 patients with 
various diffaraot arthropathies we have also observed uptake of labelled SAP into some 
joints tlmt did not have chniciUy detectable efftisioi^^ • 

Figure 4 shows a scintigraphic image of the hands of a patient with osteoarthritis 24 h 
after intravenous injection of ^^-labeUed SAP. Uptake and retrntion of SAP is indicated 
in both carpal areas, in the second metacarpophalangeal joiats, and some interphalangeal 
joints. 

One posable mechanism for locahsation of SAP: from the bipod to a diseased joint may 
be the presence within the joint of amyloid deposits in articular and peri-articular 
structures. There is indeed extensive evidence for the widespread presence of 
microscopic amyloid deposits in the synovium, articular cartilage and/or joint capsules of 
elderly individuals (33-44). However the overall impression from these observational 
studies of autopsy and/or resection specimens is that the amyloid deposits are mainly 
associated with increasing age of the subject and not particularly with extent or severity 
of clinical or pathological manifestations of osteoarthritis. Altematively, or in addition, 
SAP may be binding to hgands on structures other than amyloid fibrils that are present in 
inflamed or damaged joints. The calcium-dependmt binding of SAP to 
gjycosaminoglycans in vitro has been reported (45), but was specific for heparan and 
dermatan sulphates, rather than the chrondoitin sulphate and hyaluronic acid that are naost 
abundant in cartilage and synovial fluid respectively. Nevertheless, glycosaminoglycans 
are ubiquitous- in cGtmective tissue and may be abnormally e?qposed and thereby provide 
ligaads for SAP in and around diseased joints. Another ligand to which SAP binds 
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avidly, w vivo as weU as i« vitro, is DKA (26^7), both free and within dmanatin whea. 
this is exposed by ceU death (46), and SAP also binds to .^optotic ceUs inviyo (47). . 
Increased cell death in inflamed joints, whether by ^optosis or by necrosis, exposing 
chromatin, may provide an abnonnal density of Hgands aad thus a focus for SAP 
deposition. 

Example 

SAP Binding to Ligands in Diseased Joints 

* . ■' • ■ ■ * ' ■ 

iii order to test whether SAP may be binding to hgands,in diseased joints, we first 
compared the distribution of radiolabelled human serum albuipin with that of SAP in two 
patients. In one with proven dialysis associated amyloid, the joint uptake of SAP was 
very much greater than that of dbumin, showing that the SAP localisation was specific 
for amyloid. In contrast, in a patient with active rheumatoid artaitis and mtdtiple 
affected joints with effusions, the localisation of albumin and SAP were geperally 
comparable, suggesting a similar non-specific process of efiEiision into the synovial space 
for botii proteins, although occasional joints showed greater retention of SAP than of 
albumin. Furthemiore, in one patient whose knee joint efEusions were aspirattsd to 
diyness 24 h after mjection of radiolabelled SAP, there remained strong localisation of 
■ SAP in the joints. Secondly, we measured the synovial fluid and SCTum concentrations of 
SAP and other plasma proteins in paired samples firom 15 patients with joint efEusions of 
different aetiologies, and calculated th.6 synovial fluid:serum ratios. There is a well 
known inverse linear relationship between this ratio and the relative molecular mass of 
the proteins, reflecting theh lelatiye ease of accisss by diffhsion firom the circulatioii into 
flie joint space. However, the ratio was remarkably and substantially lower for SAP than 
expected for a protein of its molecular mass (Fig. 5). This indicates that SAP, which 
evidently can gain access to the synovial fluid, as shown by our studies with labeUed 
S AP, is probably binding to structare(s) within the joint and is therefore not available for 
detection and assay in the synovial fluid itself. 

* 

Figure 5 shows the ratio of the conceititration of various plasma proteins in the synovial 
fluid and serum from patients with various forms of arthritis causing efEusions. There is a 
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linear relationslup, i=0,62,. -between the relative molecular mass aad the syaovial 
ftaid/sennn concentration ratio for all the proteins- shown here except SAP, for which the - 
synovial fluid concentration is markedly lower than, predicted from its molecular mass 
and serum concentratioiL (Key: aiAG, ai-acid glycoprotein; Alb, albumin; Trf, 
transferrin; Cer, ceruloplasmin; aaM, aaJnacroglobnlin.) 

« ■ • * ■ ' • 

The very common and widespread microscopic amyloid deposits in aged and 
ostebartfaritic joints have iiot hitherto been thought to contribute to the pathogenesis or 
syinptorns of osteoarthritis. It is also not clear how binding of SAP to either amyloid 
fibrUs or other structures in joints might be pathogenetic in osteoarthritis. Although 
.'artificially aggregated SAP can activate the complement system (48), and cpnld thereby 
be i>rb-inflammatory, the binding of SAP to any of its knovm ligands not only does not 
activate complement, but actually inhibits complement activation by the substrate itself 
(49,50). Also, there is no evidence for complement activation either locally or 
systemically in patients with osteoarthritis. Nevertheless, in the light of our observations 
of SAP localisation to joints and the unexpectedly low concentration of SAP free in 
synovial fluid, we tested v/hether SAP might be involved in osteoarthritis. 

Example G 

Tteatment of Patients with Osteoarthritis 

Two examples demonstrate the efScacy of such treatment. 

1) RJ, a 64 year old retired General Practitioner living in New Zealand, has a long 
history of bone and joint injuries, starting as a child on a femi and continuing as a 
teenager and then adult playing mgby and skiing. From the age of 42 he has suffered 
from, pain and swelling of previously damaged joints foHo wing mannal work and 
especially in cold weather. The proximal interphalangeal joints of the left middle and 
right fonrfh fingers, the right elbow and the mid-thoracic intervertebral joints have .been 
most affected. Symptoms and signs have progressively worsened over the past 22 years, 
so that his capacity for physical work had become very restricted .and during vraiter he 
has required frequent or continuoxis treatment with non-steroidal anti-ioflanmiatoiy; 
drugs/ These are all typic^al manifestations of osteoarthritis. In 2000 the discovery of 
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impaired renal fimctioii led eventually to a second, and completely separate diagnosis of 
hereditary systemic amyloidosis caused "by a mutation in the goie for fibrinogen A 
a-chainu This type of amyloidosis does not affect 1he joints and its pathogenesis and 
clinical matdfestations are completely unrelated to osteoarthritis. 

He started experimental treatment for his amyloidosis on 9 October 2001 vnfh (Kyi'[6' 
[(R>2-CarboxyTp>TroUdin- l-yl]-6K)XO-hexanoyl]pyrroUd^ acid, 1 0 mg 

b.d; by subcutaneous injection. In Janiiary 2002, after three Dgtontbs on this potent SAP 
depleting drug and mth his plasma SAP concentration consistently reduced by over 95%, 
he first noted that his symptoms of arthritis were less troublesome than before. This 
improvement was sustained and increased so that by April 2002, the autimm.in ISTew 
Zealand, it was impressively beyond doubt Throughout tfiat winter, for the first time in. 
many years, he no longer required treatment with non-steroidal anti-inflammatory drugs, 
despite iocreased physical activity. He has continued treatment with 0R.)-l-[6-[(R)-2- 
Carboxy-pyn:oUdia-l-yl]-6-oxo-hexanoyl]p)OToh(^ acid \xp to the present 

(June 2003) and all his symptoms of osteoarteitis have, remarkably, remained in 
remission. Over the past few months he has been doing regular hard physical work on 
the land, fencing and landscaping, including lifting and carrying significant weights,- 
without suffering any of the pain and swelling that previously severely affected him even 
without the stress of unusual physical activity. 

2) CD, a 49 year old service woricer firom Wales, had a 6 - 8 year history of pain and 
reduced function ki several joints: Her shoulders were painfixl, particularly when 
reaching up or behind her head, making drying her hair and some household tasks painful 
knd difficult. She had mid-thoracic back pain and bilateral ankle aches on most days, 
usually caused by prolonged standing. She also experienced pain ia her right wrist when 
pierfoirning some tasks, particularly opening jars, a manoeuvre. that she found difficult. 
These symptoms are all compatible with osteoarthritis. 

» ^ - ♦ ■ ■ * • 

CD has hereditary systemic amyloidosis caused by a mutation in the gene for 

apoHpoprotein AI, diagnosed in October 2001 during iavestigation of chronic renal 

• • * ■ " ■ • . ' . ■ ... . . ■ . ... • 

impairment. This type of .amyloidosis does not affect the joints or cause arthritic 
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syn^toms. She started experimental treatmrait for her amyloidosis on 22 October 2001 
with (R>l..[6-[(ig-2-Carboxy-p)Ttohdin4-yl]-6-oxo-hexan 

acid, 15 mg bvd. by subcutaneous injection. la December 2001, after two months bh this 
poteat SAP depleting drug and with her plasma SAP concentration consistently reduced 
by over 95%, she first noted that her joint symptoms were significantly less faoublesome 
than before. Tkas inroroVement was sustained and increased so that by January 2002 she 
was free of pain and had normal fimction of her joints. Treatmeut with (R>l-[6-[(R)-2- 
.Carhoxy-pynnhdin4-yl]-6-oxo-h6xauoyl]pyrrohdiae-2-cOT^ acid finished in 

October 2002 and her remarkable remission has continued to the present (June 2003). 
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